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EpidemiologyEpidemiology

240 cases/ 100 000 USA 240 cases/ 100 000 USA betweenbetween 19791979--
2000 (Martin G, NEJM 2003)2000 (Martin G, NEJM 2003)
10 admissions/100 ICU admission 10 admissions/100 ICU admission 
((AnnaneAnnane D, AJRCCM 2003)D, AJRCCM 2003)
MortalityMortality rate rate betweenbetween 3030--60% 60% 
–– despitedespite new new treatmentstreatments : : corticosteroidscorticosteroids, , 

activatedactivated proteinprotein CC
–– ExplanationExplanation: more : more agedaged andand severesevere patientspatients



Diagnostic Diagnostic andand monitoring techniques monitoring techniques 
usedused in in septicseptic shockshock patientspatients

SwanSwan--GanzGanz cathetercatheter: : 
–– 37% in 37% in septicseptic shockshock are are managedmanaged withwith SG SG 

cathetercatheter ((AnnaneAnnane D, AJRCCM 2003)D, AJRCCM 2003)
–– Invasive Invasive tooltool but but twotwo studiesstudies demonstrateddemonstrated

French multicentrique French multicentrique studystudy in in septicseptic shockshock andand
pulmonarypulmonary oedemaoedema : : nono decreasedecrease in in thethe mortalitymortality
rate (Richard rate (Richard ChCh, JAMA 2004), JAMA 2004)
In In highhigh riskrisk surgicalsurgical patients (patients (SandhamSandham), ), nono
decreasedecrease in in thethe mortalitymortality rate. rate. 

Autres : Autres : PiccoPicco, Doppler oesophagien, Doppler oesophagien



JAMA 2003; 290:2717JAMA 2003; 290:2717--27202720

ShockShock

64 %64 %

ARDSARDS

30 %30 %

ShockShock ++ ARDSARDS

6 %6 %

676 patients676 patients

JAMA 2003, 290:2717-20



MortalityMortality atat dayday 2828

DaysDays afterafter randomizationrandomization
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Rivers NEJM 2001

Une unité spécifique de prise 
en charge (9 lits) 1 médecins, 

2 internes,
3 infirmières



Rivers NEJM 2001



EchocardiographicEchocardiographic examinationexamination

TransthoracicTransthoracic vs vs transesophagealtransesophageal
echocardiographyechocardiography
–– TTETTE

More More thanthan 80% 80% ofof clinicalclinical problemsproblems solvedsolved
Non invasive techniqueNon invasive technique
EasyEasy to to performperform
EchogenicityEchogenicity
CostCost--effectivenesseffectiveness

–– TEETEE
Semi invasiveSemi invasive
Monitoring techniqueMonitoring technique
SideSide effectseffects ((mortalitymortality rate <0,01%) (Daniel)rate <0,01%) (Daniel)



EchogEchogéénicitnicitéé



Auteurs (années) Patients
(n)

Impact 
thérapeutique

(%)

Oh (1990) 51 24
Vignon (1994) 96 44
Heidenreich (1995) 61 68
Poelaert (1995) 108 43
Sohn (1995) 124 52
Slama (1996) 61 20
Colreavy (2002) 255 34

Impact thImpact théérapeutique de lrapeutique de l’’ETOETO

Aucune étude n’a démontré une amélioration du pronostic, de la 
morbidité, ni de la mortalité en réanimation.



Complications de lComplications de l’’ETOETO
RRééanimationanimation
–– 20% saignements mineurs de la cavit20% saignements mineurs de la cavitéé buccalebuccale
–– 44--5% de complications (Slama, Oh, Pearson)5% de complications (Slama, Oh, Pearson)
–– Perforation oesophagienne (petite taille, Perforation oesophagienne (petite taille, 

radiothradiothéérapie).rapie).
–– Embolie pEmbolie péériphriphéérique (anrique (anéévrysme aortique, thrombus vrysme aortique, thrombus 

de lde l’’OGOG).).
–– Fractures cervicales.Fractures cervicales.
–– Autres : tachycardie, dAutres : tachycardie, déétresse respiratoire, tresse respiratoire, éétat de tat de 

mal mal éépileptique, vomissements. Pas spileptique, vomissements. Pas sééquelles de ces quelles de ces 
complications.complications.

Le plus souvent excellente tolérance



PhysiopathologyPhysiopathology

SeveralSeveral mechanismsmechanisms induceinduce circulatorycirculatory
failurefailure
–– AbsoluteAbsolute decreasedecrease in central in central bloodblood volumevolume
–– Relative Relative decreasedecrease in central in central bloodblood volumevolume
–– SevereSevere periphericalperipherical vasodilationvasodilation
–– SystolicSystolic andand diastolicdiastolic dysfunctiondysfunction ofof leftleft

ventricleventricle
–– Right Right ventricularventricular failurefailure



Etat de choc 
d’allure septique

Cathéter radial et 
Echocardiographie

Besoin en

remplissage



«« WhatWhat are are youryour indicatorsindicators for volume for volume 
replacement replacement 

(diagnostic (diagnostic toolstools) ?) ? »»
BoldtBoldt et al. Intensive Care et al. Intensive Care MedMed 1998; 24:1471998; 24:147--151151

PVCPVC 93 % 93 % 
PAPOPAPO 58 %58 %
ETOETO 2 %2 %





« En dehors de situations caricaturales (pressions très basses ou 
très élevées), l’estimation des pressions de remplissage à

l’échocardiographie ne permet pas de prédire la réponse au 
remplissage »

VTI 10

VTI 13



VTI

IIntntéégrale grale TTemps emps VVitesseitesse

ITV % =ITV % =
ITVITVmaxmax -- ITVITVminmin

((ITVITVmaxmax + + ITVITVminmin)/2)/2

Volume dVolume d’é’éjection = ITV x surface aortiquejection = ITV x surface aortique

ITV max ITVmin



Vpeak : 33 % Cardiac output 
will increase

by more than 40 % 
after fluid infusionVpeakVpeak ==

((VpeakVpeakmaxmax + + VpeakVpeakminmin)/2)/2
VpeakVpeakmaxmax -- VpeakVpeakminmin

VpeakVpeakmaxmax

VpeakVpeakminmin



 VCI : 
22%Réanimation et Maladies 

Infectieuses
Centre Hospitalier de Belfort



Vieillard-Baron A Anesthesiology 2001;95:1083-8



HowHow to to performperform echocardiographicechocardiographic
examinationexamination in in septicseptic shockshock patient?patient?
CardiacCardiac output TTE: output TTE: 



HowHow to to performperform echocardiographicechocardiographic
examinationexamination in in septicseptic shockshock patient?patient?

CardiacCardiac output TTE:output TTE:



VaVaoomaxmax

VaVaoominmin

VaVaoo= 45 %= 45 %

RespiratoryRespiratory changes of changes of aorticaortic bloodblood flowflow velocityvelocity
in an animal model of in an animal model of hemorrhagichemorrhagic shockshock



EvaluationEvaluation des besoins et suivides besoins et suivi
Variations Variations 
respiratoiresrespiratoires
–– VCI > 12% (18%)VCI > 12% (18%)
–– VCS > 36 %VCS > 36 %
–– VmaxVmax AoAo > 12% (18%)> 12% (18%)
–– VaoVao Doppler Doppler 

oesophagien > 12%oesophagien > 12%
Lever jambe > 8Lever jambe > 8--12%12%
DDéébit cardiaque basbit cardiaque bas
TolToléérance PAPOrance PAPO
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Etat de choc 
d’allure septique

Cathéter radial et 
Echocardiographie

Variations 
respiratoires

QC, PAPO

Oui : 
remplissage

Non : Pas 
remplissage

Evaluation de la 
fonction VG



ShorteningShortening
FractionFraction

Shortening
Fraction

of LV Area

Ejection
Fraction

Systolic

Function



ShorteningShortening FractionFraction

NleNle: 25 : 25 -- 36 %36 %



Velocity of circonferential fiber
shortening

SF = (LVEDDSF = (LVEDD--LVSD) /  LVSD) /  
LVEDDLVEDD

VcfVcf = SF / ET= SF / ET
VcfVcf--cc = = VcfVcf / / V V RRRR

LVSDLVEDD



STSVG STDVG

Area Area ShorteningShortening FractionFraction

NleNle: 38 : 38 -- 64 %64 %



40%40%
50%50%

60%60%

Area Area ShorteningShortening FractionFraction



Ejection FractionEjection Fraction

NleNle: 55 : 55 -- 75 %75 %



NB NB ShillerShiller, , HeartHeart, 1996;75:17, 1996;75:17--2626

EstimatedEstimated andand measuredmeasured EFEF



RobothamRobotham J, J, anesthesiologyanesthesiology, 1991;74:172, 1991;74:172--183183

EF = 1 EF = 1 -- ((PesPes / / VedVed) (1 / ) (1 / EEmaxmax))

RelationshipRelationship betweenbetween contractilitycontractility ((EmaxEmax), ), ejectionejection
fraction (EF), fraction (EF), systolicsystolic pressure (pressure (PesPes) ) andand endend--diastolicdiastolic

volume (volume (VedVed))



RelationshipRelationship betweenbetween contractilitycontractility ((EmaxEmax), ), ejectionejection fraction fraction 
(EF), (EF), systolicsystolic pressure (pressure (PesPes) ) andand endend--diastolicdiastolic volume (volume (VedVed))

RobothamRobotham J, J, anesthesiologyanesthesiology, 1991;74:172, 1991;74:172--183183

EF = 1 EF = 1 -- ((PesPes / / VedVed) (1 / ) (1 / EmaxEmax))



RobothamRobotham J, J, anesthesiologyanesthesiology, 1991;74:172, 1991;74:172--183183

RelationshipRelationship betweenbetween contractilitycontractility ((EmaxEmax), ), ejectionejection fraction fraction 
(EF), (EF), systolicsystolic pressure (pressure (PesPes) ) andand endend--diastolicdiastolic volume (volume (VedVed))

EF = 1 EF = 1 -- ((PesPes / / VedVed) (1 / ) (1 / EmaxEmax))



Systolic Stress

LVSD MT

0,334 . SAP . LVSD        0,334 . SAP . LVSD        
MT . (1 + MT / LVSD)MT . (1 + MT / LVSD)

SAP = Systolic Arterial Pressure
LVSD = LV systolic diameter
MT = Myocardial thickening

O.334 = factor of correction from
mmHg to g/cm2

Nles : 73 + 21 Kdynes / cm2

Reischek N, Circulation, 1982;65:99-116



PouleurPouleur, , AmAm J J CardiolCardiol, 1983;52:813, 1983;52:813--2121

EFEF--SystolicSystolic stress stress relationshiprelationship

HT, AS

Septic
Shock



GorscanIII J, Anesthesiology, 1994;81:553-62

EmaxEmax = Maximal = Maximal ElastanceElastance

Emax



dP = 4 V² Velocity= 3 m/s

TR

dp/dt dp/dt

M
R

Max dp/dt

LA
P

LV
P



Rate of pressure Rate of pressure riserise (RPR)(RPR)

MathematicalMathematical basis:basis:

BernouilliBernouilli equationequation

dPdP = 4V= 4VAA2 2 --4V4VBB22

RPR = RPR = 32mmHg32mmHg
t (sec)t (sec)

A

B

t

32
mmHg

-1m/s

-3m/s



RPR = 533mmHg/s
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Estimation of LV Estimation of LV dPdP//dtdt withwith CW DopplerCW Doppler
Validation Validation atat cardiaccardiac catheterizationcatheterization

BargiggiaBargiggia, Circulation, 1989, Circulation, 1989



PeakPeak powerpower

Power =  Power =  FlowFlow . . 
PressurePressure

(Watts)(Watts) (ml / s)(ml / s) ((mmHgmmHg))

MandarinoMandarino WA, J WA, J AmAm CollColl CardiolCardiol, 1998;31:861, 1998;31:861--88
Armstrong GP, Armstrong GP, HeartHeart, 1999,;82:357, 1999,;82:357--6464



Schmidt C, Anesthesio, 1999;91:58-
70

Peak power = 
Vmax . S . 

SAP



PreloadPreload adjustedadjusted maximal power (maximal power (mWmW /cm/cm44))

= (= (instantaneousinstantaneous maximal maximal flowflow . SAP ) / EDA. SAP ) / EDA22

CardiacCardiac
outputoutput

PressurePressure
AfterloadAfterload

PreloadPreload

PreloadPreload adjustedadjusted maximal powermaximal power



TeiTei C, J C, J AmAm soc Echo, 1997;10:169soc Echo, 1997;10:169--7878

Intervalles Intervalles isovolumisovoluméétriquestriques



IsovolumicIsovolumic contraction contraction timetime
(IVCT)(IVCT)

IsovolumicIsovolumic relaxation relaxation timetime
(IVRT)(IVRT)

MI: (IVCT+ IVRT) / ETMI: (IVCT+ IVRT) / ET

a

b
ICT IRT

b
IVCT IVRT

TeiTei C, J C, J AmAm soc Echo, 1997;10:169soc Echo, 1997;10:169--7878



Etat de choc 
d’allure septique

Cathéter radial et 
Echocardiographie

Variations 
respiratoires

Oui : 
remplissage

Non : 
remplissage

Evaluation de la 
fonction VG

FE<40%Oui : 
Dobutamine Non : NA

Evaluation de la 
fonction VD : 

CPA



Pas de dilatation: STDVD/STDVG < 0.6

Dilatation modérée: STDVD/STDVG 0.6 - 1

Dilatation majeure: STDVD/STDVG > 1

Jardin Chest 1997

DILATATION VDDILATATION VD



Acute Cor Pulmonale
•Large RV 

•RVEDA/LVEDA:<0.6 = Normal

•RVEDA/LVEDA: 0.6-1 =  
Moderate ACP

•RVEDA/LVEDA:>1 = Severe ACP

•Small LV with impaired relaxation

•Septal dyskinesia

•PAPH

ARDS Cardiac Complication : 
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Vieillard-Baron A Am J Resp Crit Care Med 2002;166:1310-19



2 mmHg

38 mmHg

Gradient = 36 mmHg dP = 4 V² Velocity= 3 m/s

TR

Pression arterielle pulmonaire



TricuspidTricuspid RegurgitationRegurgitation





TA TA<100 ms = HTAP





RRéésultats dans le choc septiquesultats dans le choc septique



FindingsFindings in in septicseptic shockshock patientspatients

HypovolemiaHypovolemia
HyperkinesicHyperkinesic andand hypokinetichypokinetic shockshock
–– LV LV systolicsystolic dysfunctiondysfunction (<35(<35--45%) in 30% (45%) in 30% (GroeneveldGroeneveld

Int Care Int Care MedMed 1988) to 55% (Parker 1988) to 55% (Parker AnnAnn InternIntern MedMed
1984) 1984) ofof septicseptic shockshock..

–– EF 38% in patients 35% (AVB) EF 38% in patients 35% (AVB) 
–– RecoveryRecovery withwith normalizationnormalization ofof LV (LV (ParilloParillo NEJM 1993)NEJM 1993)
–– Absence Absence ofof dilation dilation ofof LV (LV (nono earlyearly preloadpreload adaptation adaptation 

in in echocardiographicechocardiographic studystudy))
–– NorepinephrineNorepinephrine in in somesome cases cases maymay unmaskunmask LV LV systolicsystolic

dysfunctiondysfunction



LV LV systolicsystolic dysfunctiondysfunction
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Vieillard-Baron AJRCCM 2003



FindingsFindings in in septicseptic shockshock patientspatients

CardiacCardiac outputoutput
–– HighHigh cardiaccardiac index (>3 l/min/mindex (>3 l/min/m²²) 65% ) 65% ofof cases cases 

withwith EF EF ofof 65%65%
–– LowLow cardiaccardiac index (< 3 l/min/mindex (< 3 l/min/m²²) ) 

in 35% in 35% ofof patients (patients (meanmean LVEF 38%)(LVEF 38%)(VieilardVieilard--
BaronBaron andand Jardin) Jardin) 
AssociatedAssociated withwith hypokinetichypokinetic conditioncondition
DobutamineDobutamine??



FindingsFindings in in septicseptic shockshock patientspatients



FindingsFindings in in septicseptic shockshock patientspatients



FindingsFindings in in septicseptic shockshock patientspatients

LeftLeft diastolicdiastolic dysfunctiondysfunction
RightRight systolicsystolic dysfunctiondysfunction
–– ObservedObserved in 30% in 30% ofof patients (AVB)patients (AVB)
–– Due to Due to sepsissepsis ((intrinsicintrinsic myocardialmyocardial depressiondepression))
–– IncreasedIncreased by acute cor by acute cor pulmonalepulmonale ((increasedincreased

pulmonarypulmonary vascularvascular resistanceresistance))
–– RV dilation, paradoxal septum, PAPH.RV dilation, paradoxal septum, PAPH.
–– IncreasedIncreased by by mechanicalmechanical ventilation ventilation withwith highhigh PEP PEP 

andand tidal volume.tidal volume.
–– DobutamineDobutamine or or norepinephrinenorepinephrine??



Etat de choc 
d’allure septique

Cathéter radial et 
Echocardiographie

Variations 
respiratoires

Qc, PAPO

Oui : 
remplissage

Non : Pas de 
remplissage

Evaluation de la 
fonction VG

FE<40%

Oui : 
Dobutamine Non : NA

Evaluation de la 
fonction VD : 

CPA
Non : 
NA

Oui : Réglage 
respirateur, NO, NA









ConclusionsConclusions

SepticSeptic shockshock
–– CardiacCardiac output, output, 

ejectionejection fraction, fraction, 
preloadpreload--dependancedependance, , 
rightright functionfunction andand
pressures pressures shouldshould bebe
assessassess..

–– HypovolemiaHypovolemia isis
constantconstant

–– SystolicSystolic dysfunctiondysfunction ofof
bothboth ventricleventricle isis
frequentfrequent withoutwithout cavitycavity
dilationdilation
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Impact Impact ththéérapeutiquerapeutique de de ll’é’échocardiographiechocardiographie en USIen USI

TEE > TTETEE > TTE
2424--48 % patients 48 % patients concernconcernééss
Intervention Intervention chirugicalechirugicale dansdans 1010--29% des 29% des cascas
En En ppéérioderiode ppéérioperatoirerioperatoire, , changementschangements ththéérapeutiquesrapeutiques frfrééquentsquents et et majeursmajeurs
3030--58% 58% rréésultatssultats discordantsdiscordants entreentre ETT/ETO et CAP ETT/ETO et CAP 
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11. 11. MegarbaneMegarbane, , AxlerAxler et al, Rea, et al, Rea, UrgUrg 99 99 
((AbstAbst))
12. Slama et al. 12. Slama et al. IntInt Care Med 1998Care Med 1998



ns311 ± 142327 ± 131dyne.sec.cm-5/m2PVRI

ns1343 ± 4891368 ± 473dyne.sec.cm-5/m2SVRI

ns3.6 ± 1.53.5 ± 1.5cm2/m2LVESA

ns9.1 ± 1.88.6 ± 1.7cm2/m2LVEDA

ns45.3 ± 1442.7 ± 12.7ml/m2SI

ns4.6 ± 1.84.3 ± 1.7l/min/m2CI

ns29.5 ± 5.427.7 ± 5.6mmHgMPAP

ns101 ± 25.1102 ± 25beat/minH R

ns81 ± 12.479.7 ± 11.6mmHgMAP

.002 *14.7 ± 313.1 ± 3.7mmHgPAOP

ns12.4 ± 3.310.6 ± 2.9mmHgRAP

Post InfusionPre Infusion 13 Pts

Effects of rapid fluid loading of 500 ml saline on hemodynamic and echocardiographic parameters in 13 critically
ill patients.

Limitations of Limitations of staticstatic valuesvalues

Small hemodynamic effect of typical rapid volume infusions in critically ill patients.
O. Axler, et al. Crit. Care Med, 1997, 25: 965-970.



Variation pression systolique (SPV)Variation pression systolique (SPV)

Michard, Michard, TeboulTeboul et al, et al, AmAm J J RespResp CritCrit Care Care MedMed 20002000



120 120 
mmHgmmHg

4040

45 45 
cmHcmH22OO

55

PPmaxPPmax

PPminPPmin

1 sec1 sec

ArterialArterial PressurePressure

AirwayAirway PressurePressure

Variation pression pulsVariation pression pulséée (PPV)e (PPV)

Michard, Michard, TeboulTeboul, et al, , et al, AmAm J J RespResp CritCrit Care Care MedMed 20002000



PPmaxPPmax -- PPminPPmin
 PP (%)PP (%) = 100 . = 100 . 

((PPmaxPPmax + + PPminPPmin) / 2) / 2

Michard et al, Michard et al, AmAm J J RespResp CritCrit Care Care MedMed 20002000

Variation pression pulsVariation pression pulséée (PPV)e (PPV)
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r2 = 0.11
p = 0.17

EDAI (cm 2 /m 2 )

r2 = 0.83
p < 0.001

FeisselFeissel, Michard, Mangin, Ruyer, , Michard, Mangin, Ruyer, FallerFaller, , TeboulTeboul ((ChestChest 2001)2001)



Complications de lComplications de l’’ETOETO

Ambulatoire : Ambulatoire : 
–– MortalitMortalitéé : 0,0098 (10218 patients, Daniel Circulation : 0,0098 (10218 patients, Daniel Circulation 

1991)1991)--0,026 (3827 patients, 0,026 (3827 patients, SewardSeward JASE 1992)JASE 1992)
–– Perforation oesophagienne : quelques cas (2 Perforation oesophagienne : quelques cas (2 

Amiens) entre des mains expertes. Amiens) entre des mains expertes. 
–– Complications majeures : bronchospasme, Complications majeures : bronchospasme, 

tachycardie ventriculaire, insuffisance cardiaque : tachycardie ventriculaire, insuffisance cardiaque : 
0,2% (0,2% (SewardSeward JASE 1992;5:288) JASE 1992;5:288) àà 0,5 (0,5 (KhandheriaKhandheria
JACC 1991)JACC 1991)

–– Complications mineures : 2,7% (Complications mineures : 2,7% (SewardSeward JASE JASE 
1992;5:288)1992;5:288)



A sample plot of simultaneous
LV pressure, aortic flow, echocardiographic ABD cross-sectional area, 

dA/dt, ABD power and flow probe power. 

Takagaki M, Heart. 2002 Aug;88(2):170-6.



Takagaki M, Heart. 2002 Aug;88(2):170-6.



Echec dEchec d’’introductionintroduction

Mais ETO parfois difficile voire Mais ETO parfois difficile voire 
impossible dans 2impossible dans 2--5% des cas : 5% des cas : 
cause la plus frcause la plus frééquente inexpquente inexpéérience rience 
du manipulateur, mais aussi du du manipulateur, mais aussi du àà
une anomalie anatomique (Daniel, une anomalie anatomique (Daniel, 
Slama)Slama)


